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PREFACE

This Corps of Engineers report describes one of three
independent but complementary studies of future freight
traffic on the Ohio River Basin Navigation System. Each of
the studies considers existing waterborne commerce and
develops a consistent set of projections of future traffic
demands for all of the navigable waterways of the basin.
Each report contains information on past and present
waterborne commerce in the basin and projections by
commodity group and origin-destination areas from 1975 to at
least 1990.

The three projections, in conjunction with other analytical
tools and system information, will be used to evaluate
specific waterway improvements to meet short- and long-term
navigation needs. The output from these studies will serve
as input to Corps' Inland Navigation Simulation Models to
help analyze the performance and opportunities for improve-
ment of the Ohio River Basin Navigation System. These data
will be used in current studies relating to improvement of
Gallipolis Locks, the Monongahela River, the upper Ohio
River, the Kanawha River, the lower Ohio River, the
Cumberland River, and the Tennessee River, as well as other
improvements.

This report, completed in January 1979, was prepared for the
Corps by CONSAD Research Corporation of Pittsburgh, Penn-
sylvania. The study and the 1975-1990 projected traffic
demands discussed in this report were developed by
correlating the historic waterborne commodity flows on the
Ohio River Navigation System with various indicators of
regional and national demands for the commodities. The
demand variable(s) which appeared to best describe the his-
toric traffic pattern for each of the commodity groups was
selected for projection purposes. The historic and
projected values for the demand variables are based upon the
1972 OBERS Series E Projections of National and Regional
Economic Activity. The OBERS projections were developed by
the Bureau of Economic Analysis of the U. S. Department of
Commerce in conjunction with the Economic Research Service
of the Department of Agriculture.

A second report, completed in February 1979, was prepared
for the Corps by Battelle Memorial Institute, Columbus,
Ohio. The study and the 1975-1990 projections discussed in
that report were developed by surveying all waterway users
in the Ohio River Basin through a combined mail survey and



personal interview approach. Personal interviews were held
with the major existing waterway shippers. The purpose of
the shipper survey was to obtain an estimate from each
individual shipper of his future commodity movements by
specified origins and destinations, as well as other
associated traffic information. The responses were then
aggregated to yield projected traffic demands for the Ohio
River Navigation System.

A third report, to be completed in September 1979 is being
prepared for the Corps by Robert R. Nathan Associates, Inc.
of Washington, D. C. The study and the 1975-2040 pro-
jections to be discussed in that report are much more
comprehensive in scope, and focus on a much longer time
frame. The basic study approach involves placing the
historic production, consumption, and net shipments (by
transportation mode) of commodities which move by water in
the Ohio River basin into perspective with total national
output. The production, consumption, and shipment estimates
are being prepared for all geographic areas within the basin
which are either directly or indirectly (through modal
transfers) served by the Ohio River Navigation System.
Economic, environmental and institutional factors which have
historically affected output, consumption and modal ship-
ments are being identified and analyzed. These same
variables will then be projected through the year 2040 under
alternative scenarios. Detailed waterway flow projections
by commodity group and origin-destination areas will then be
presented for the most probable future condition.
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1.0 INTRODUCTION AND PURPOSE

In 1976 nearly 180 million tons of commerce was carried on the waters
of the Ohio River navigation system. Most of this consisted of bulk-type
commodities such as coal, sand, gravel, crushed rock, and petroleum
fuels. These materials constitute major inputs to the basic industrial and
energy production processes of the United States.

In order to insure the continued smooth flow of the above commodi-
ties, the U.S. Army Corps of Engineers must continue to maintain and
improve the conditions of the rivers and navigation projects in the Ohio
River Basin (ORB). Since funds for this purpose are limited, the Corps
must develop a strategy for application of their financial resources so as
to best achieve this goal.

As part of a systemwide study of commercial navigation in the ORB,
the Huntington District of the U.S. Army Corps of Engineers has retained
the services of CONSAD Research Corporation to project the demand for
future ORB waterway traffic for the period 1975-1990. * The primary
study area is defined to be the main stem Ohio River and all of its com-
mercially navigable tributaries, including the Monongahela, Allegheny,
Kanawha, Kentucky, Green, Cumberland and Tennessee Rivers. The ele-
ments of this analysis have consisted of the following:

TASK 1: Estimate future waterway traffic by commodity group
(see Table 1 and Appendix E) for the Ohio River Navi-
gation System for the period 1975-1990 using correla-
tion and regression techniques. The historic waterway
traffic data to be used for this task shall be collected
from Waterborne Commerce of the United States,
Part 2.

*This is only one of three ORB projection studies being undertaken
by the Corps. The second study is based upon surveys of shippers and
receivers while the third study is examining a number of basic market
conditions and trends.
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Table 1: COMMODITY GROUPINGS TO BE UTILIZED

FOR PROJECTING OHIO RIVER BASIN

WATERWAY TRAFFIC

COMMODITY GROUP

1. Coal and Coke

2. Petroleum Fuels

3. Crude Petroleum

4. Aggregates

5. Grains

6. Chemical and Chemical Fertilizers

7. Ores and Minerals

8. Iron Ore and Iron and Steel

9. All Other

2
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TASK 2: Using 1969-1975 PE-PE* and BEA-BEA** flow data
to be provided by the Corps of Engineers, the fore-
casts from Task 1 shall be allocated to the BEA
economic areas and river reaches within and outside
of the Ohio River Basin, by commodity group. These
future movements will then be aggregated by direction
to the main stem Ohio River, each navigable tributary,
and through each of the seventy-one navigation projects
in the Ohio River navigation system.

TASK 3: Separate, independent projections of waterway traffic
by commodity group and direction of movement
(upbound-downbound) will be generated for the main
stem Ohio and each navigable tributary in an attempt
to identify the degree of association between the
behavior of the total Ohio River navigation system
and its components. A similar analysis is also to be
performed for traffic passing key navigation projects
in the Ohio River System (see Section 2. 3. 3 for
details). These subsystem studies are intended to
test the reliability of basinwide projections through-
out the system.

*PE stands for "port equivalent" and refers to a stretch of river
possessing a composite of port characteristics. The term was defined
as part of the Inland Navigation Systems Analysis program of the Corps
of Engineers as an aid in water simulation projects.

**The term BEA as used in this report will refer to any of the
173 economic areas into which the Bureau of Economic Analysis has
divided the United States.
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2.0 ANALYSIS

This section describes the data, its inspection and coding, and the

analytic techniques employed in projecting the demand for future ORB traffic.

2. 1 Data: Collection, Coding and
Manipulation Procedures

The data on the movements of commodities on the rivers under inves-
tigation were collected from Waterborne Commerce of the United States,
Part 2, for the years 1953-1975. Prior to 1953, (back through 1940) this
same information appeared in the Annual Report of the Chief of Engineers,
Part 2, "Commercial Statistics". The former data was provided by the
project sponsor, while the latter set was procured from the University
of Pittsburgh library, and the libraries of the Pittsburgh and Washington,
D. C., offices of the Corps of Engineers.

The data was coded much in the same way as it appeared in the later
volumes of Waterborne Commerce. That is, for each commodity, the
directional distinctions of up river, down river, in river, out river, and
through river (up and down) were retained to provide the maximum amount
of flexibility in the data file. In addition, river and year codes were also
included.

Numerous inconsistencies were found in this 36-year data set. The
most glaring were the many changes encountered in the commodity code
classifications. Prior to 1965, when a standard 4-digit commodity
classification code for shipping statistics was adopted, three different
3-digit coding schemes were encountered; one version for the years
1949-1964, another for 1948, and a third for the years 1943-1947. In
addition, the data for years 1940-1942 had no codes associated with the
commodity listings.

This problem was remedied by entering the 3-digit codes as they
appeared into the computerized data file, and then for each 3-digit coding
scheme, a computer program was written and applied to convert these
codes into the standard 4-digit scheme, (see Appendix A). In the case

4

-~ ~ ~~~ -~n -,, ---- --.... .. .. . . . . .. .-



of the data for years 1940-1942, where no codes were utilized, the most
appropriate standard 4-digit code was applied and entered into the data file.

Another inconsistency encountered was the extremely detailed break-
down of commodity tonnages in the older data compared to what was adopted
in the standard 4-digit scheme. As an example, in 1940 on the Ohio River,
in the "Outbound Ores, Metals, and Manufactures of" category, such com-
modities as grave vaults, range boilers, and signs were listed. However,
in consulting the standard 4-digit code, these commodities and several
others listed in that same category were all subsumed in the "Fabricated
Metal Products Except Ordinance, Machinery, and Transportation Equip-
ment" category. In general, every effort was made to locate the most
appropriate standard 4-digit classification.

The Cumberland River presented a unique problem. Several years
of commodity tonnage data was organized only by "Below and Including
Nashville" and "Above and Excluding Nashville" categories. No separate
'whole river by direction" chart existed. Special care had to be taken in

converting this data breakdown to the one we were employing for all the
rivers. The "net total" listing (directionless) was used as a guide in this
conversion task,.

The Ohio River also presented a unique situation. A separate
"oceangoing" chart was often presented in addition to the domestic data.
This chart included imports and exports as well as the "domestic coast-
wise" category which refers to domestic traffic receiving a carriage over
the ocean and/or Gulf of Mexico. Whenever this chart appeared, the tons
listed for a particular commodity were added to the tons for that com-
modity listed in the domestic chart, in the appropriate direction (e. g.,
imports were added to the "in" tonnages in the domestic chart).

In addition to the above data, CONSAD was provided with BEA-BEA
and PE-PE movement data on all commodities for the years 1969-1976,
and data on the 71 lock and dam projects by commodity group and direc-
tion as far back historically as existed. The former data set was pro-
vided on tape and the analysis of this information will be discussed in
Section 2.4. 1, below. The latter data set included data for the key navi-
gation projects for which separate independent projections of future
commodity group flows were to be made. In order to make these projections
this data has to be coded, and in doing so, a major problem was encountered.

5



Although the analysis was supposed to be performed by direction (upbound-

downbound), much of the annual traffic data was available only in aggregate
(combined upbound-downbound). Faced with this situation, CONSAD, after
consultation with the project monitor, decided to perform the projections
of traffic passing key lock and dam projects in aggregate.

The three data sets discussed above along with their uses are sum-
marized in Table 2.

2. 2 Selection of Independent Variables

Assuming that the patterns of past commodity flows bear some rela-
tionship to their future flows, and also assuming that these commodities
are moving in response to the economic demands of the Nation, it is
believed that quantitative relationships exist between economic indicators

and waterway traffic levels. It is expected that these relationships could
be determined from historical data using correlation and regression tech-
niques and that these relationships could then appropriately be applied to
future economic projections to obtain projections of future demand for
waterway traffic.

Ideally, any economic or other demand indicator should provide
annual data for the years 1940-1975 and should also be projected for the
years 1980, 1985, and 1990. However, in searching for economic indica-
tors that could logically be considered as a driving force behind the move-
ments of a particular commodity or commodity group on the waterways of
the Ohio River Basin, it was found that except for GNP and national popu-
lation, compatability between annual historical data and the projected data
was extremely rare. More specifically, we were able to locate numerous
annual data series for all types of economic variables, but usually there
were no projections in existence based upon the annual series. The pro-
jections that we were able to locate were not based upon historical data
going as far back as 1940.

After much searching and several conversations with faculty mem-
bers at Memphis State University who had been involved in a similar
task for the Louisville District of the Corps of Engineers, * it was decided

*Existing and Expected Commodity Flow, Port of Louisville,
Kentucky, Allen & Hoshall, Inc., Memphis, Tennessee, December 1977.
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that our best source would be the Bureau of Economic Analysis in the U.S.
Department of Commerce. The data tapes purchased from BEA included a
37-industry breakdown of earnings, total personal income, per capita income,
and population. These categories were provided on an annual basis for the
years 1965-1975 and included both national and BEA level data. In addition,
a somewhat less detailed data set for thirteen SMSA's on or near the rivers
in the study area was also obtained.

All of the above data sources are compatible with the OBERS Pro-
jection Series* prepared by the Bureau of Economic Analysis in conjunction
with the Economic Research Service in the Department of Agriculture for
the U.S. Water Resources Council. In addition to the projected earnings,
income, etc., for the years 1980, 1985, and 1990, this series also pro-
vides observed historical data for the years 1950, 1959, and 1962. This
brings the number of available historical observations up to fourteen.

2.3 Regression Procedures

2.3.1 System

It was necessary initially to aggregate the Waterborne Commerce
data set from an individual river format to a "total system" format for
each of the nine commodity group categories specified by the Corps. This
was accomplished by summing the tonnages for all six directions on the
Ohio River together with the tonnages for the two intra-river directions
(up and down) for each of the seven tributaries. In this manner all ORB
traffic was aggregated without any double counting (see Table 3 and

Figures 1, 2 and 3).

After aggregation, a severe drop in crude petroleum shipments for
the system as a whole was discovered. This decrease was found to
correspond with the opening of a pipeline used for the transport of crude

*1972 Series E OBERS Projections Series, Bureau of Economic
Analysis, Department of Commerce.
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petroleum. Regression procedures were abandoned for this commodity
group in favor of other means of determining future shipments (see Section r
3. 1.1 for details).

The first step in the regression procedure for the other eight com-
modity groups was to develop a series of regression equations based on the
complete set of 36 years of historical data for each of the nine commodity
groups. The functional forms utilized were:

1. Straight line: Y = a + bX

2. Second degree curve: Y = a + bX + cX 2

b
3. Geometric curve: Y = a.X

= X

4. Exponential curve: Y a Ib

In addition to a time series, regression runs were made using Gross
National Product and national population as independent variables (36-year
series). At this stage severe problems of multicollinearity arose. The
correlations between time and GNP and time and national population were
.99062 and .99772, respectively. The correlation between GNP and popu-
lation was . 98400. This degree of correlation eliminated the idea of using
any multivariate regression equations at this level of analysis. It was
decided that a simple regression using GNP as the independent variable
would be the best procedure under these circumstances. The equations
retained for analysis and the projected commodity group t,-nnages they
yield appear in Section 3. 1. 1, Tables 7-14.

The criteria employed for retention of a regression equation were
goodness of fit (R2 ) and "appropriateness" of the projected tonnage. By
"appropriateness" we mean whether or not the projected value seemed
reasonable in light of the historic tonnage values. As an example, an
equation predicting a ten-fold increase in the tonnage of grains moving on
the Basin's waterways, where traffic data and transport developments
would not indicate such growth, would be rejected, despite a high R 2 value.

The next group of independent variables tested were national level
income and earnings figures. These variables are listed in Table 4.

13



Table 4: Definition of Independent Variables
Considered in the Analysis

National Level Basin Level

Gross National Product XN01 ---

Population XN02 XB 02

Total Personal Income XN03 XB03

Per Capita Income XN04 XB04

Total Earnings XN05 XB05

Earnings in Agriculture XN06 XB06

Earnings in Mining XN07 XB07

Earnings in Coal Mining XNO8 XB08

Earnings in Manufacturing XN09 XB09

Earnings in Manufacture of Food
and Kindred Products XN1O XB1O

Earnings in Manufacture of Chemicals

and Allied Products XNl XBll

Earnings in Petroleum Refining XN12 XBlZ

Earnings in Manufacture of Primary
Metals XN13 XB 13

Earnings in Manufacture of Fabricated

Meta. s XN14 XB 14

Earnings in Transportation, Communica-

tion & Utilities XN15 XB15

Earnings in Wholesale & Retail Trade XN16 XB16

Earnings in Contract Construction XN17 XB 17

14



As was noted above, this data included annual values for 1965 through 1975
plus a few prior selected years; the number of observations (data points)
thus dropped to fourteen at this stage of the analysis.

Rather than allow the computer to choose among this rather long list
of variables, an initial screening was undertaken. For each commodity
group, in addition to the more general variables (Total Personal Income,
Per Capita Income, Total Earnings) which were tested for all commodity
groups, several 'specifically targeted" variables were also chosen. More
precisely, only those variables which possessed some identifiable economic
relationship to the commodities in a particular commodity group were
included in the analysis. Table 5 lists the choices of independent vari-
ables tested by commodity group.

Multicollinearity again presented a problem. Except for XN06,
XN07 and XN08 only two correlation values of less than . 9 were found
between pairs of variables. To deal with this situation the SPSS* stepwise
regression package was utilized. This package allows the user to specify
a set of three statistical criteria to be used in screening variables for
inclusion in the equation. These parameters are the number of variables,
the minimum acceptable F-test value, and the minimum acceptable tolerance
level which refers to the proportion of the variance of a variable being
considered for inclusion not explained by the variables already in the
regression equation.

The maximum number of variables to be allowed was chosen at three.
The minimum F-test value was set high enough so that given the number
of observations and variables in the equation, there was a 95 percent

- Iprobability that the coefficient associated with a particular variable was
significant. Finally the tolerance level was set at . 01, meaning that a
variable would be entered only if the proportion of its variance not explained
by the other variables exceeded one percent. Results from this computer
run also appear in Section 3.1. 1, Tables 7-14.

A third series of independent variables tested consisted of basin
level income and earnings figures. To construct these variables, data

*"Statistical Package for the Social Sciences", Norman H. Nie,
C. Hadlai Hull, Jean G. Jenkins, Karin Steinbrenner, Dale H. Bent,
McGraw-Hill Book Company, Second Edition, 1975.
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from the thirteen BEA areas which cover the study area (see Figure 4)

were aggregated. These variables are also listed in Table 4.

Initial inspection of these variables indicated that the multicollinearity

situation was much less severe, with many of the correlations between

pairs of independent variables lying in the . 6 to . 9 range.

At this level of analysis it was decided that the independent variables

entered into the stepwise regression program would be restricted to the

commodity specific variety except where the more general variables
seemed particularly appropriate (e. g., basin population as a demand indi-

cator for petroleum fuels). This decision was made in an attempt to pro-
vide the best possible direct relationship between the commodity group
and the explanatory variable(s). For a complete list of the basin level
varibles tested, by commodity group, see Table 5. The rationales for the

pairing of specific independent variables with each commodity group are
provided in Table 6.

It was also decided that the restrictive minimum F-test level for
variable inclusion would be somewhat eased so as to allow variables that
had rather direct relationships to the commodity groups into the regression

equation even if their coefficients did not quite reach the 95 percent signifi-
cance level. Results from this basin level analysis are given in Section

3. 1. 1, Tables 7-14.

Of the nine commodity groups analyzed in this study, Commodity

Group 1, Coal and Coke, has historically accounted for the most signi-
ficant portion of total traffic (see Table 3). Within this group, steam
coal, used to generate electricity, is by far the most important commod-

ity (by tonnage). A "good" single indication of steam coal demands was
not identified within the OBERS framework, and the industry specific

variables included in the regression procedures represent secondary
demand variables since these industries tend to be major enery users.

Because of the significance of steam coal to this projection study,
it was felt that some additional "sensitivity" testing was called for.

Under the assumption that Earnings in Transportation, Communication,

and Utilities provides the best single indication of direct demand for
steam coal, and also assuming that Population and Earnings in Manu-
facturing provide the best secondary demand indicators for non-commer-

cial and commercial use of electricity, respectively, regression
procedures were undertaken in which Earnings in Transportation,

17



Communication and Utilities was forced into the equation, followed by
either or both of the other two variables. The projections which resulted
from the equations developed in this manner were remarkably close to
the projections obtained as a result of the regression procedures described
earlier in this section. At both the national and basin levels, Population
and Earnings in Manufacturing yielded insignificant F-test values when r
entered into the equation after Earnings in Transportation, Communication
and Utilities. Utilizing the single independent variable equations, coal and
coke tonnage was projected at 174 million tons (national level data) and
181 million tons (basin level data) in 1990. Comparison with the projections
in Table 60 shows a 3 million ton difference at the national level and slightly
over a million tons at the basin level.

These results suggest that coal and coke projections are rather
insensitive to the choice of OBERS variables utilized in the regression
equation. They also add a degree of confidence to the reliability of the
projections.

2. 3. 2 Individual Rivers

The subsystem regression procedures described in this section and
in the following section (2. 3. 3 Key Lock and Dam Projects) were under-
taken primarily as a means of determining whether traffic on the system
components are moving in response to the same demand variables and with
similar correlations as is occurring at the system level. Since the ultimate
goal of this study is to arrive at projections of demand for future lock and
dam traffic, and because these projections will be determined as a result
of system level analysis modified by recent subareal O-D trends, it was
felt that a subsystem analysis would be of value in determining the
reliability of allocating systemwide projections to the subsystems (indi-
vidual rivers and lock and dam projects).

J
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Table 6: Rationale for Pairing of Independent
Variables with Commodity Groups

Depondent Variable:
*1 rti, 

1
-Y lndhp..nditt' %a rmil bl. it lh iv .ai LoxitIoLY

Commodity Group Economic Factor Tested Group and Indept-nid,*nt Variable

1. Coal and Coke Earnings in Coal Mining Increase or decrease in coal mining
earnints may correspond to an increase
or decrease in the tonniage of coai on the
uaterwvys of thv ORB.l

Earnings in TrAnsports- Stecun coal for peneration of electricity
tion, Cotu-nunication, and is the primary us, of the coal shippcd
Utilities on R13 watvrways .
Earnings in the Manufac- In addition to the electricity consumed in
tore of Chemicals and the manufacturing process, some of the
Allied Products chemticals and associated by-products

Earnngs n th Manfac- have a coal base

Earnngsin te Mnufa- 1Coal and cuk,- are esi.-ntil :ngredients I
ture of Primary Metals in the production of iron and steel
Earnings in the Manufac- fhis repre-sents a secondary demand
ture of Fabricated Metals variable since fabricated metals arc

_________________ fashioned from primary metals

Population Intended to provide the best generil
demand indicator for non-commeria >a

use of electricity

Earnings in Manufacturing Intended to provide the best general
demand indicator for comnmercialus
of electricity

2. Petroleum Fuels Population The population of an area determines the

demand for home heating fuel and gaso-

4. ggegaes Earnings in Ptheaumc Thies om lsod tiity grou inluerleme
ItRef rimar Metls ftnere whic, an ul ip rtante n oed olutmi

EarningsinTransports- Peiro eu and utels prowrctrnsotvh

4. ggegaes Earnings in the Manufac- This isomseodry rem nlde aime-

cure of Fabricated Mletals since fabricated metals are fashioner-
from primary n stale

Earnings in Contract Buildl' stone, sand, graivel, and
Construction crushle rock are used in construction

work mycrepn oarcl

S. Grains Earnings in Agriculture Tonnage of grains moving on ORB

tural earnings
Earnings in the Manufac- Grains are milled and used in rnany
ture of Food and Kindred types of foods

Earnings in Wholesale Sales of grains, meat (grain-fed ani-
and Retail Trade mnats), and nutmerous soybean products

_________________relate to the demand for grains

6. Chemicals and Earnings in Agriculture Agriculture industry consumes a great
'Chemical deal of chemical fertilizers and pi-sti-
Fertilizers cides

Earnings in Manufacturing 13y(es, plastics, synthiotic rubber and
fiber paints, and other chemiicals are
consumned in various manufacturing

j f~.Arnuvag, in 11, M.t.,Jact 1-.ru,,n.2S bPY 111uft indtitr,, i .,,.
ture of Chemicals and relate to the tonnage of che-micals and
Allied Products fiertilizers on ORD1 waterways
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Table 6 (continued)

Dependent Variablet
Traffic by Independent Variable: Relationship letwecn Commodity
Commodity Group Economic Factor Tested Group and Independent Variable

7. Ores and Earnings in Mining Levels of earnings of the mining of
Minerals various ores and minerals should cor-

respond to levels in the tonnage of ores
and minerals on ORB waterways

Earnings in Manufacturing Nonferrous metal ores. salt, sulfur,
and gypsum are used in the manufacture

____________________ of a variety of gtoods

Earnings in the Manufac-

ture of Primary Metals Copper, bauxite, manganese, and other
nonferrous metal ores are used in the

Earnings in the Manufac- manufacture of various primary and
ture of Fabricated Metals fabricated metals

8. Iron Ore and Earnings in Mining Earnings in the mining of coal, iron
Iron and Steel ore, and limestone may relate to the

Earnings in Coal Mining tonnage of iron ore and iron and steel
on ORB waterways

Earnings in the Manufac- Earnings in iron and steel industries
ture of Primiary Metals may relate to the tonnage of this com-

modity group on ORB waterways
Earnings in the Manufac- A secondary demand variable since iron
ture of Fabricated Metals and steel are fashioned into numerous

fabricated metal products
Earnings in Contract Many steel products (girders, concrete
Construction reinforcing rods, pipes, etc. ) are used

by the construction industry

9. All Other Total Personal Income This commodity group is made up of all
commodities that were not listed in the

Total Earnings other groups, and therefore covers a
wide variety of goods. Total personal

Earnings in Manufacturing income is intended to provide a demand
index to the amount of money people

Earnings in Wholesale have available for consumptioa of essen-
and Retail Trade tial and non-essential goods. Total

earnings should relate to the overall

demand for raw materials and semi-
finished goods by the industrial sector.
Earnings in manufacturing and wholesale
and retail trade are somewhat more spe.-
cific in that they relate to the demand for
the inputs to the many manufacturing
processes and goods for sale. respec-
tively.

* A small portion of the ORB petroleum fuels are used in both
manufacturing and energy production processes. However, this
was Judged not to be a significant demand indicator.
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At the individual river level, the analysis was to be per'ormed by
direction (upstream-downstream) and commodity group. Given the format

used in coding the data, it was quite simple to aggregate the data into up-

stream and downstream categories for the seven tributaries under study.

For the Monongahela, Allegheny, Kanawha, Kentucky, and Green Rivers,
the upstream category was created by summing the "up" and "in" river
categories, while the downstream category consisted of the sum of the
"down" and "out" categories. For the Cumberland and Tennessee Rivers,
the upstream category consisted of the sum of "up, in" and "up-through"

categories, and the downstream category consisted of the sum of "down,
out" and "down-through" categories.

Matters were not quite as simple in the case of the mainstream
Ohio River. "In-river" and "out-river" do not specify a direction on the
Ohio since commodities can enter or leave the Ohio either at the mouth
(Mississippi River) or at any one of the tributaries. Therefore, it was
decided that a third directionless category (titled "other") would be
created consisting of the sum of "in-river" and "out-river" traffic. The
"upstream-downstream" categories were also retained, but in this case
consisted of "up" plus "up-through" and "down" plus "down-through"
categories, respectively.

The data aggregations described above appear in Appendix B.

In an attempt to identify the degree of association between the

behavior of the total Ohio River navigation system and its components, the
same independent-dependent variable relationships tested at the system

level* were also tested at the individual river level for each commodity

group and river, by direction (see Table 5 ).

At this level of analysis only linear regression procedures were

undertaken using the SPSS stepwise regression package described in the
previous section of this report. The decision to eliminate the other func-
tional forms was based on the fact that CONSAD had already decided to use

*No analysis utilizing the national level income and earnings data

(fourteen years) was undertaken.

j
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the linear regression equations to project future commodity group tonnages
at the system level. Since this subsystem component analysis was intended
primarily as a check of the relationship of the system as a whole to the
system components, we saw no reason to continue with the nonlinear forms
of analysis.

In an attempt to determine whether traffic on the individual rivers
was moving in response to more localized variables, additional regression
procedures were undertaken. For the Allegheny and Monongahela Rivers,
independent variables based solely on BEA 66 were used. For the Kanawha
River, BEA 52 variables were tested. These river-BEA relationships
are geographical in nature, i. e., the Allegheny and Monongahela Rivers
are located mostly within BEA 66 and the Kanawha River is located in
BEA 52 (see Figure 4 ). The same commodity group - industry earnings
relationships utilized at the basin level were retained at the BEA level.
Both the basin level and BEA level independent variable regression results
appear in Section 3.1.2.

2. 3.3 Key Lock and Dam Projects

Of the 71 navigation projects in the ORB there were ten projects
(three on the Ohio River, one each on the seven tributaries) that were
chosen by the Corps of Engineers for analysis in this study (see Table 37
for listing). For these ten projects, separate, independent projections
of future traffic were to be made for the three major commodity groups
transiting each project. Examination of the historic data provided by the
Corps showed the two of the projects only handled a single commodity
group, and in several cases it was difficult to distinguish the "top three",
based on the historic tonnages. The final commodity groups chosen for
analysis for each project also appear in Table 37.

The data was provided by commodity group and direction, but, as was
mentioned earlier, the directional distinction was not always preserved
and the projections had to be done in aggregate, rather than by direction.
The projection procedures employed for these lock and dam projects were
similar to those utilized for the individual river projections.

Again, equations obtained using basin level independent variables
were tested first. The same commodity group specific independent-
dependent variable relationships tested at the system and individual river
level were also used for the key lock and dam project demand regressions.

2
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In an attempt to determine whether traffic passing through the key
lock and dam projects was moving in response to more localized variables,

additional regression procedures were undertaken. Specifically L&D #2
on the Allegheny River and L&D #7 on the Monongahela River were tested
against BEA 66 variables, and the Winfield L&D on the Kanawha River
was tested against BEA 5Z variables. Both the basin level and BEA level
independent variable regression results appear in Section 3. 1. 3.

2.4 Origin-Destination Movements

2.4.1 Preliminary Examination of O-D Movements

Given eight years of O-D movement data by commodity, both at the
BEA and PE level, it was decided that a preliminary data inspection was
called for prior to undertaking any analysis. Therefore, a computer
printout was obtained such that for each commodity group and year, two
matrices were constructed. The first was arranged so that for each
origin BEA a complete list of destinations was printed along with the
associated tonnages and the percent of the total shipped from that BEA
represented by that tonnage. In addition, the total tonnage shipped from
each BEA and the percent of total commodity group tons for the basin
represented by that tonnage also appeared. The second matrix was
arranged similarly, but for destination BEA's. In all cases eight years
worth of data were examined so as to observe trends.

From the above printout two types of tables were assembled, repre-
senting two levels of analysis. For clarification on these two types of
tables the reader is referred to Figure 5 , which shows the components
of an origin-destination matrix and several related vectors. The first
type of table essentially displays the P and A (Production and Attraction)
Matrices, over time, for each commodity group. This shows the relative
importance of each zone (BEA Region) within the Basin and how this
has varied with time.

The second type of table, displays the distribution of the individual
cell values for each element of the P and A matrix, and how that has varied
in time. This table shows shifts in movements beyond those which occur
due to differences in production and attraction rates over time.

z4



00

0 0O

0 '4.4

4-)o

14

4A , 0  4.)4"

I 02
-4 0

V4 0
cI N

I4 0

14 0
V44 4.

44 0 V. Q I
LI.. - C 4

Orgi Zone0

4j 4J 25



At the more aggregated level, (the P and A Matrices) for each com-
modity group, a list of origin BEA's, the tonnages shipped from each, and
the percent of total commodity group tons represented by that tonnage for
each of the eight years between 1969 and 1976 (inclusive) is displayed. At
the top of the table, for each year, a percent, representing what part of
the total tons of a particular commodity group originated in the ORB also
appeared. Similar tables were constructed for destination BEA's.

Next, for commodity groups 1, 2 and 4, historically representing
between 75 and 80 percent of all Basin traffic, an analysis of the destina-
tions of major shipping BEA's and the originations of receiving BEA's was
undertaken, and the second type of table was also constructed. More
specifically, for each origin BEA shipping a substantial tonnage of a com-
modity group, the top five destinations, tonnage destined for each, and
percent of total orginating tonnage represented by that destined tonnage
over the eight year period were listed. A similar representation is pro-
vided for destination BEA's.

All tables described above appear in Appendix D; the first type of

table carries the designation "P/A", while the second type is designated
by "O/D". It is important to note the connection between each series of
tables. The total tonnage figure appearing in the bottom row of the latter
series of tables described above is equal to the tonnage figure appearing
in the former series of tables in the corresponding year and BEA position.

In order to further clarify the preceding discussion, two tables (one
of each type) from Appendix D appear on the following pages. The first

table displays the annual tonnage of Commodity Group 1 shipped from each
BEA between 1969 and 1976. Immediately below each tonnage a number
appears which represents the percent of all Commodity Group 1 shipments

involving the ORB that were shipped from that particular BEA.

The second table provides a breakdown of the BEA 66 shipments
(first row of first table), answering the question 'What were the destina-
tions of the BEA 66 coal and coke over time? ' The destination BEA as
well as the number of tons and the percent that the tonnage represents
compared to the total shipped from that BEA are included.

For instance, in 1972 BEA 66 shipped 28, 579, 605 tons of coal and
coke (first table, first line). This represents 30. 35 percent of all coal

2
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and coke shipments involving the ORB in 1972. Referring to the second table,
one can determine that 85. 26 percent or 24, 368, 288 tons remained in
BEA 66, 8.08 percent or 2, 308, 212 tons went to BEA 62, and so on. In
this manner one can follow the O-D patterns through time at the BEA level
for Commodity Groups 1, 2 and 4.

2.4. 2 Obtaining Future O-D Movements: Shift-
Share Analysis and the Fratar Method

After examination of the eight years of O-D movement data, it was
decided that the most appropriate technique for extrapolating the historic
O-D movement trends to 1980, 1985 and 1990 O-D flows was to utilize
Shift-Share analysis in conjunction with the Fratar Growth-Factor method.
This decision was made in light of the overall stability in the patterns of
O-D movements (see Appendix D). Both of these techniques are well suited
for extrapolation purposes when no severe changes in historic patterns are
anticipated.

Shift-Share analysis, * given historic movement patterns and projec-
tions of future commodity group activity (see Section 3. 1. 1), develops
future shipping and receiving (0 and D) totals for each commodity group
and subarea (BEA or PE). These totals correspond to row and column
sums of a commodity-specific O-D matrix. The Fratar technique** will
then construct the future matrix cell entries according to a base year
pattern adjusted by subareal growth factors.

More specifically, the Shift-Share methodology acts recursively on
a series of commodity group specific O-D matrices. Each subarea is
examined in light of the total originating shipments (row sum of O-D matrix)
and total destinations (column sum). Shift-Share analysis interprets sub-
areal growth as dependent upon two "parent forces": growth in total

*Dunn, E. S., Jr., "A Statistical and Analytical Technique for

Regional Analysis", Papers, Regional Science Association, 6(1960), 97-112.
**Hutchinson, B. G., Principles of Urban Transport Systems Planning.

Washington, D.C.: Scripta Book Company, 1974, pp. 84-85.
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shipments and growth in the commodity group shipments between successive
time periods. Any growth inconsistent with those parent forces is attri-
buted to unique subareal characteristics.

At this point in the discussion it becomes convenient to introduce
mathematical notation to facilitate the description of the Shift-Share metho-
dology. We define the following:

gt
Q.. total annual tonnage of commodity group g

Ij originating from subarea i and terminating
at subarea j in year t (O-D matrix cell entry).

n

0 gt = Qgt total annual tonnage of commodity group g
j=l I originating from subarea i in year t (row

sum of O-D matrix: the P matrix).

m

Dg t = E Qgt total annual tonnage of commodity group g
J i=l ij terminating in subarea j in year t (column

sum of O-D matrix: the A matrix).

m n m n

Qg t = ogt = E E : Qg t

i=l i j=l i=l j=l

= total annual tonnage for commodity group g.

9
Qt = Q = total annual tonnage in year t.

g=l

Then between successive years the incremental growth in shipments*-
for commodity group g in subarea i (a Ot) is seen by shift-share as being

1
comprised of the following three components:

*A similar analysis is performed for the Dgt's.

3
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A ogt =Rg t + sg t + ug t

where Rgt raw increment which would occur if commodity

group g in subarea i were to behave as the
aggregate regional growth rate for all com-

modity groups.

Sgt any growth (or decline) in commodity group g
1 over and above the regionwide aggregate growth.

U the "unique" component: any growth (or decline)
i in commodity group g within subarea i for which

the first two components (Rg t, Si ) take no
account.

These components are calculated in the following manner:
=t t og(t- I) t Qt t-1

Rgt r 0  where r = Q- , the basinwide growth

Qt-l rate for all commodities.

Sgt (ygt" rt) og(t-l)
Qi I

where y Q _ Qt the basinwide growth

Q(t-l) rate for commodity
1 group g.

gt gz~u i t = z g t y g t) o ig(t - 1 )

where z ogt 0 (t- )
i i 1 , the growth rate for

0 g(t-l) subarea i for com-
1 modity g.

it is the unique growth parameter z-y gtt which we define as uFt (excess
11

of commodity specific subareal gro wth rate over the regionwide commodity

specific growth factor) that is calculated for each BEA region, (origins
and destinations) for each commodity group, and for each of the seven

J

31



• gt
iterations covering the years 1969-1976. To arrive at the 1980 u1 value,
a simple time series regression is performed on the seven historical values.
The only other inputs required to obtain the 1980 origin and destination totals
are a projected total tonnage figure for 1980 (1t*) and projected tonnages
for each commodity group (g). These projected tonnages are taken from

the systemwide projections, the value of which are contained in Section 3 of
this report.

Agt
Procedures for determining the 1985 u i growth factors are analogous

except the 1980 values are added to the original seven historical values and
ear t-l now refers to the projected 1980 tonnages. Similarly, the 1990
t values are calculated from nine values (7 observed, 2 projected) and

the year t-l refers to the projected 1985 tonnages.

g+Once the subareal growth estimates (AO.t aye been calculated, they
are added to the base year's originating total O )) to arrive at a future
originating total (Ct )

ogt og(t-1) + oQgt
i i 1

This is done for each of the n subareas so that we now have an n x I vector
whose entries consist of the raw projected total shipments for each sub-
area. The sum of these entries should be close to Qgt, the projected com-
modity group tonnage total. In order to obtain a precise match, we cal-
culate a normalizing factor, K, byrl comparing the desired value, Qgt, with
the calculated total tonnage 0. . This should give us a normalizing

factor close to 1.0 by which we multiply each of the Oft values, finallyarriving at future origination totals for each subarea, the sum of which

will equal the projected tonnage for that particular commodity group. The
mathematics of the normalizing step is represented as follows:

K = Qgt
0 gt

6gt = K ogt for al i.
i 1

*"A" notation refers to projected values.
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CONSAD initially planned to perform the shift-share analysis at the
BEA level rather than at the PE level. This decision was based upon the
assumption that the economic behavior of the BEA region mirrors the eco-
nomic behavior of the areas within the BEA region. This assumption is
consistent with the conceptual basis employed in delineating these BEA
areas, which relies on central place theory with its emphasis on cities
as the focus around and within which integrated economic activity concen-
trates. Thus, it would seem reasonable to apply the growth factors cal-
culated for a BEA region to its member PE's.

However, in calculating a growth factor, a necessary input is a future
originating tonnage total and terminating total for each PE. If Shift-
Share is performed at the BEA level, the future BEA tonnage total will
have to be apportioned to the member PE's according to the share of the
total BEA traffic which each PE had in the base year. However, this
allocation procedure presupposes that each PE in a BEA will continue to
ship and receive the same proportion of the traffic allotted for that particu-
lar BEA.

Another problem associated with BEA level Shift-Share involves BEA
66 (see Figure 4). This economic region contains 20 of the 71 naviga-
tion projects under study and a significant portion of the commodity move-
ments both originate and terminate within this region and are intra-BEA
66 movements. BEA level Shift-Share may not be quite sensitive enough
to capture the changes in traffic patterns occurring at the PE level which
will have an effect on the projected traffic loads assigned to each naviga-
tion project.

CONSAD feels that these weaknesses represent only a small source
of error, but after examining the historic O-D movement patterns, it was
decided that the utilization of the shift-share methodology at the BEA level

for Commodity Groups 1 and 4 would be inappropriate (see Appendix D).
This decision was made based on both the amount of intra-BEA 66 move-
ment and the fact that these two commodity groups have historically
accounted for approximately two-thirds of the total tonnage moving on
the waterways of the ORB. Thus, shift-share was applied at the PE
level for these two commodity groups, in an attempt to minimize the error
associated with assignments of commodity group tonnages to navigation
projects.
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In actually applying the Shift-Share methodology to the eight years
of O-D flow data it was discovered that extrapolation of the unique growth
parameters, u g t , by simple time series regression was often inappropriate.
Since this growth paramter Aas defined to be the difference between two
other growth factors (z g 

- yg ), it should not be too surprising that the
gt values often did not show any particular trend. Consequently, unless

tAe time series regression yielded an R 2 value greater than .5, a simple
averaging of the historical u g t values was used to obtain the 1980, 1985
and 1990 unique growth parameters.

Furthermore, examination of resulting origin and destination totals
for 1990 showed that time series regressions of ugt sometimes yielded
negative u. t values, resulting in negative tonnages of shipments. There-

12fore, the regression procedure was abandoned and the historical ug. values
were averaged after the smallest and largest were removed so that inor-
dinately large increases or decreases in shipments did not overly effect
future shipments.

Having developed the future origin and destination totals, i.e.,
row and column sums of the future O-D matrices, the next step was to
construct the actual matrix cell values representing commodity flows from
a particular origin to a particular destination. The Fratar growth factor
method is ideally suited for this task.

The basic premise of the Fratar method is that the distribution of
future shipments from a zone is proportional to the base year distribution
modified by the growth factors of the zones under consideration. This
method, as employed by the "PLANPAC/BACKPAC' Urban Transporta-

*tion Computer Program Package, * applies the origin and destination
growth factor to each cell of the O-D matrix in such a way that the future
origin total (row sum) is preserved. Actual destination totals (column
sums) may not agree with those desired, but an iterative procedure
designed to achieve a specified degree of accuracy in the destination totals
is included. The mathematical representation of this technique is as follows:

*Computer Programs for Urban Transportation Planning, PLANPAC/
BACKPAC General Information, April, 1977, U.S. Department of
Transportation, Federal Highway Administration.
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I6gt _ Qg(t-l)
ij(k+l) ijk Fjk -ik

where

F = D t Fi = gt
Fjk ___ _, ik i

nQg(t-l)' nQ g(t-1) Fijk -ijk FJk

o=1 j=l
and where

Qg(t- 1)Qgl tons shipped between origin i and destination j
for iteration k (represents base year tonnage

when k = 1).

Fjk = destination j (column) growth factor.

Fik origin i (row) growth factor.

Dgt i gt0 projected destination (column) and origin
3 1 (row) totals obtained from the application of

shift-share analysis.

In choosing a commodity specific base year O-D matrix upon which
to apply the Fratar growth factor method, it was felt that the most recent
O-D matrix (1976) would be most appropriate because its entries would
best reflect the shifts in O-D patterns that were occurring over time. *
However, given that O-D flows for certain years could represent anomalous
behavior and not merely the continuation of some trend, it was decided that
the 1976 O-D matrices should be inspected before their use as the base
year.

This inspection did not show any extreme shifts in the 1976 O-D
matrices relative to the previous years except for Commodity Group 6,
where BEA 64 showed a sharp drop in shipments from almost 16 percent

*The base year matrix is used only to provide a pattern of shipments.
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of all of commodity group 6 in 1975 to less than 3 percent in 1976. BEA 52
showed a fairly sharp drop in receptions from almost 33 percent to less than

24 percent.

Also, the 1976 total tonnage for Commodity Group 5 seemed high
relative to the previous years totals, and it was decided that the 1975 O-D
matrix was more appropriate, especially in light of the projections for
Commodity Group 5 (see Table 63 , Section 3.2 for. actual tonnages).
Therefore, the 1975 O-D matrix was used as the base year for Commodity
Groups 5 and 6, and 1976 was used as the base year for all other commodity
groups.

2.4.3 Assignments of Future O-D Movements
to Lock and Dam Projects

After developing the 1980, 1985 and 1990 O-D matrix for each com-
modity group, the remaining task involves taking these O-D flows and
assigning the corresponding tonnages to the navigation projects along the
river routes which would have to be traversed in going from an origina-
tion to a destination. This task falls under the general category of traffic
assignment which may be broadly defined as the process of allocating a

given set of trip interchanges to a specific transportation system.

The traffic assignment program included in the PLANPAC/BACKPAC
computer program package previously mentioned, although usually
employed in modeling an urban transportation system, was easily adapted
to our purposes. The river system under study can be thought of as a
ver:' simple road network, where PE's take the place of intersection's

("nodes" in traffic assignment) and the navigation projects take the place
of the roads connecting intersections ("links" in traffic assignment).
Once the river network has been described to the computer, i.e., the
location of all the PE's and navigation projects in relation to each other
and the distances involved, the computer constructs a minimum path tree
for all O-D pairs. In the case of the Ohio River System all paths involving
O-D pairs are unique except for the section where the Barkley Canal pro-
vides an alternate path for traffic involved with the Tennessee or Cumberland
and the Ohio Rivers. In that case minimum distance was the criterion
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used for choosing the route.* Finally, each commodity specific O-D
matrix is input, the tonnage involving each O-D pair is assigned to the
navigation projects that would have to be traversed, and the assigned tonnage
for each project by commodity group and direction is obtained.

The results of the assignment routine along with graphs for each navi-
gation project depicting historical and projected tonnages in aggregate,
appear in Section 3. 3.

I!

*This criterion may constitute a departure from the realities of the
situation in that other parameters may have equal or greater weight in the
choice of an optimum route. The effect on traffic assignment may be some
inaccuracy in the allocation of the traffic among the navigation projects in
the area - Kentucky L&D (Tennessee River), Barkley L&D (Cumberland
River), and the Barkley Canal. However, CONSAD feels that the combined
projected total tonnage for these three projects is accurate. The reader
should be aware of this potential discrepancy when examining the projections
for these projects.

4 37



3.0 RESULTS

This section of the report presents the results obtained by the imple-
mentation of the analytic techniques described in Section 2 (Analysis) of
this report.

3. 1 Regression Relationships Obtained

3. 1.1 System Level

The equations and associated statistics presented in the tables of
this section represent the results of the regression procedures described
in Section 2.3. 1 of this report.

After the data was aggregated to the system level, it was noticed
that commodity group three, crude petrrieum, experienced a ten-fold
decrease in tonnage between 1972 ann 1974. This severe decrease cor-
responded to the opening of a pipelino between Owensboro and Catlettsburg,
Kentucky. In order to ascertain the t,+ure picture of crude petroleum
barging, an official of the Pipeline Division of the Ashland Oil Company
was contacted and interviewed. The Ashland Oil Company is the major
shipper of crude petroleum in the ORB area.

We were informed that within three years, all barging of crude
petroleum on the rivers of the ORB would cease. * However, until such
a time when a new pipeline could be constructed, or the capacity of an
existing one increased, barging of crude petroleum from the Gulf coast up
the Mississippi and eventually to Owensboro would continue at the approxi-
mate rate of 35, 000 barrels/day. Given that a barrel of oil weighs about
300 lbs., the annual tonnage of crude petroleum would equal slightly less
than two million tons. Therefore, although no further projections of crude

*The future intentions of other shippers will be ascertained during
the other projection studies planned by the Corps for the ORB.

J
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petroleum shipments were undertaken, the 1980 upstream tonnages for all
lock and dam projects on the Ohio River between Cairo and Owensboro
reflect this estimated crude petroleum tonnage.
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3. 1. 2 Individual River Level

The equations presented in the tables of this section represent the
results of the procedures described in Section 2. 3. 2 of this report. Table
15 summarizes the commodity groups studied for each river by direction.
Tables 16-36 present the actual equations and associated statistics obtained
for each river by direction and commodity group.
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Table 15: COMMODITY GROUPS ANALYZED BY RIVER AND DIRECTION

RIVER DIRECTION COMMODITY GROUPS ANALYZED

Ohio Up 1, 2, 4- 9

Ohio Down 1, 2, 4- 9

Ohio Other 1, 2, 4 - 9

Monongahela Up 1, 2, 4, 6- 9

Monongahela Down 1, 2, 4, 6 - 9

Allegheny Up 1, 2, 4, 6 - 9

Allegheny Down 1, 2, 4, 8, 9

Kanawha Up 1. 2, 4, 6- 9

Kanawha Down 1, 2, 6 - 9

Kentucky Up 4

Green Down 1, 5

Cumberland Up 1, 2, 6- 9

* Cumberland Down 1, 2, 5- 9

Tennessee Up 1, 2, 4 9

Tennessee Down 1, 2, 4 - 9
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3.1. 3 Key Lock and Dam Project Level

The equations presented in the tables of this section represent the
results of the procedures described in Section 2. 3. 3 of this report. Table
37 lists the key lock and dam projects chosen for analysis, the river on
which each is located, and the commodity groups chosen for study. Tables
38-50 present the actual equations and associated statistics obtained for each
lock and dam project.
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Table 37: COMMODITY GROUPS ANALYZED FOR KEY LOCK AND DAMS

LOCK AND DAM RIVER COMMODITY GROUPS ANALYZED

Montgomery Ohio 1, 2, 4, 8

Gallipolis Ohio 1, Z, 6, 8

#5Z Ohio 1, z, 6, 9

#Z Allegheny 1, 4, 8, 9

#7 Monongahela 1, 2, 4

Winfield Kanawha 1, 4, 6

#1 Kentucky 4

#1 Green I

Cheatham Cumberland Z, 4, 9

Kentucky Tennessee 1, 2, 4, -
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3. 1.4 Comparison: System vs. Components

In comparing the regression results obtained using basin level population,
income, and earnings as independent variables at the system level versus those

obtained at the individual river and key lock and dam levels of analysis, there

are several things that the reader must keep in mind. First, in aggregating I

the river data to create the system data, whatever peculiarities may have been

present in each of the individual river data sets would tend to be smoothed out

as a result of combining the data on the eight rivers in the ORB. Second, each

river flows through an area possessing its own unique industrial and demo-

graphic characteristics resulting in river specific commodity mixes as well as

the likelihood that these commodities are moving in response to these areal

characteristics. Thus, in some cases, it should not be surprising to find sub-

system commodity movements correlating poorly with the same variables which

produced high correlations at the system level.

Tables 51-58 compare the regression results obtained at the system level

versus those obtained for the individual rivers and key lock and dam projects

for each commodity group. Except for Commodity Group 8 (Down), a very

strong association exists between the Ohio River and the system. This is not

at all surprising since the Ohio River has historically carried approximately

75 percent of the system's traffic.

Among the tributaries, the degree of association is not quite as strong,

but generally is still significant. However, there are certain exceptions, "weak

spots" in the analysis, which require discussion.

For Coal and Coke (Group 1), weak spots occur on the Monongahela

(both directions), up the Kanawha, and down the Cumberland, although coal

and coke traffic down the Cumberland is relatively light (see Appendix B for I

river traffic volumes by direction). In all of these cases Earnings in the

Manufacture of Primary Metals (XB13) entered the river-level regression

equations instead of the variables used at the system level, Earnings in the

Manufacture of Chemicals and Allied Products (XBll) and Fabricated

Metals (XB 14).

For Petroleum Fuels (Group Z) the weak spots occur on the Allegheny

and Cunvhorland Rivers, both directions, although petroleum fuel volume

down both of these rivers has been very light. Some preference for Earnings

in Petroleum Refining (XBIZ) was shown over Earnings in Transportation,

Communication, and Utilities (XB15), chosen at the system level.
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The third major commodity group, Aggregates (Group 4) has weak
spots occurring on the Allegheny (both directions), up the Monongahela, and
down the Tennessee. Aggregates tonnage moving up the Allegheny dropped
quite severly in 1974 and remained low in 1975. Whether or not this repre-
sents a permanent drop is a question which can best be answered by the other
ORB projection studies being undertaken by the Corps. Earnings in Contract
Construction (XB 17), used as the independent variable at the system level,
entered the equations at the individual river level, except for down the Ohio
where Earnings in the Manufacture of Primary Metals (XB13) was entered;
up the Allegheny where Earnings in the Manufacture of Primary (XB13) and
Fabricated Metals (XB14) were entered; and down the Tennessee where XB14
was again entered.

Grains (Group 5) appear in significant quantities only on the Ohio and
Tennessee Rivers. Weak spots exist up the Tennessee and Ohio, although
the R 2 and F-test values obtained for these equations were not very different
from those obtained for the other grain equations. The variables used at the
system level, Earnings in Wholesale and Retail Trade (XB 16) and Agriculture
(XB06) consistently entered the equations at the individual river level.

For Chemicals and Chemical Fertilizers (Group 6) weak spots occur
on the Monongahela and Cumberland Rivers in the downstream direction.
However, traffic down the Cumberland for this commodity group has been
quite light, reaching a maximum of fifty-three thousand tons in 1973. Except
for the Ohio River (other direction) and up the Allegheny, which both corre-
lated best with Earnings in the Manufacture of Chemicals and Allied Products
(XB 11), the river regression equations utilized the same variables, Earnings
in Argiculture (XB06) and Manufacturing (XB09), as the system level equation.

Ores and Minerals (Group 7) has weak spots occurring on the Kanawha
(both directions), a-though traffic volume in the downstream direction is
quite light. To a lesser extent, the regression results down the Tennessee,
up the Allegheny, and down the Ohio were also weak relative to system level
results. Again, however, the traffic volumes are not particularly heavy and
variation here is not likely to significantly affect waterway improvement
decisions. There was some variation in the variables chosen by the regression
package with Earnings in Mining (XB07) and Manufacturing (XB09) carrying
about the same load as Earnings in the Manufacture of Primary (XB13) and
Fabricated (XB14) Metals, which were utilized at the system level.

The poorest system level regression results were obtained for Iron
Ore and Iron and Steel (Group 8) where an R 2 value of . 57656 was achieved
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using Earnings in Contract Construction (XB17). Significant weaknesses

also exist for the subsystem level analysis on the Ohio, Monongahela, Allegheny,

and Cumberland Rivers in the downstream direction and on the Kanawha in

both directions for this commodity group. However, only the Ohio and

Monongahela Rivers transport significant volumes of these materials. There

was quite a bit of variation in the entry of independent variables with Earnings

in Mining (XB07), Coal Mining (XB08), and the Manufacture of Primary (XB13)
and Fabricated (XB14) Metals playing important roles.

The last commodity group, consisting of those commodities not included
in the first eight groups, had weak spots occurring on the Allegheny, Kanawha,
and Tennessee Rivers in the downstream direction and on the Monongahela in
both directions. Only the Tennessee and Monongahela Rivers carried signi-
ficant traffic volumes. Earnings in Manufacturing, utilized in the system

level regression equation for this commodity group was rather consistently
chosen at the river level. Notable exceptions are the Ohio (other direction)

and up the Tennessee, where in both cases Earnings in Wholesale and Ret.il
Trade was utilized.

In an attempt to improve upon the weak spots identified above, in parti-

cular, those involving significant traffic volumes on the Allegheny, Monongahela,
and Kanawha Rivers, we turn to the regression results obtained using local
variables (Tables 31-36). In several instances local variables yielded much
stronger correlations than those obtained using basin level independent vari-

ables. Specifically, for Coal and Coke traffic moving up the Monongahela,
an R 2 value of . 72869 was obtained with Earnings in the Manufacture of

Fabricated Metals in BEA region 66 serving as the independent variable.
For Aggregates moving up the Allegheny, an R2 value of .68544 was attained
utilizing Earnings in Primary and Fabricated Metals and Contract Construction

in BEA region 66. Finally, employing Earnings in Manufacturing in BEA
region 66, an R 2 value of. 82097 was achieved for commodity group 9, All
Other, moving up the Monongahela.

Further inspection of Tables 51-58 brings two general tendencies to
light. First, the upstream traffic tends to follow the system's behavior more
closely than the downstream traffic. This is especially true for the Allegheny,

Monongahela, and Cumberland Rivers. Second, overall results on the Alle-

gheny, Monongahela, and to a lesser extent, the Kanawha were not quite as

good (in the sense of mirroring the system's behavior) as those obtained for

j the other rivers.
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At the Key Lock and Dam Level, tests of the system level indepedent-

dependent variable relationships yielded a similar degree of association
as was obtained at the individual river level. Although it is difficult to

compare the lock and dam results with the river results because the river

regressions were made by direction while the lock and dam regressions

had to be made in aggregate because of the data problem described in

Section 2, one can safely assert that the lock and dam results tended to

follow the results for the river on which the lock and dam is located. One r
exception that immediately stands out occurs on the Ohio River in the case

of the Montgomery Lock and Dam Project. Regression results for this

project were not nearly as good as those obtained for the Ohio River. A

possible explanation lies in this project's location on the Ohio River close

to Pittsburgh, where the Allegheny and Monongahela Rivers join to form

the Ohio. Since the regression results for the downstream direction of both

of these rivers did not follow the high level of correlation obtained at the

system level of analysis, the lack of consistency for the Montgomery Locks

and Dam are understandable.

Judging from the results of this analysis, it seems reasonable to

utilize system level analysis, modified by local trends, to assign future

traffic demand to the lock and dam projects in the ORB.
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3.2 System Level Demand Projections

In Section 2. 3. 1 of this report three separate commodity specific

regressions of system traffic were described. The first utilized GNP as

the independent variable and used all thirty-six years (1940-1975) of com-

modity data. The other two used fourteen years of data, weighted toward

the more recent years, one relying on national level earnings and income
independent variables, the other on the same variables at the basin level

The projections obtained as a result of this analysis appear in Tables

60-67.

In applying Shift-Share analysis to arrive at future O-D flows, system-
wide total and commodity group tonnage figures for 1980, 1985, and 1990
had to be chosen. Given the above three choices, it was decided that the

linear projections based upon fourteen years of data and basin level vari-
ables would be most appropriate. Although it could be argued that projec-
tions made using thirty-six data points would tend to be more accurate
than those based upon fourteen, we felt that since these fourteen points
represented the most recent data, they best depicted the current physical
characteristics and constraints (lock and dam projects, canals, etc. ) of
the Ohio River System as well as more recent economic institutional and
technological considerations that are inputs to decisions to transport by
river barge. The basin level projections were felt to be superior to the
national level projections because of the stronger connection present between

traffic and the basin's economy. The equations and associated projections
selected for use in the Shift-Share procedure appear in Table 59.

It is interesting to note that although the basin level projections differed
somewhat from the national level (fourteen points) projections, the total
tonnage figures obtained by summing the individual commodity group pro-
jections turned out to be remarkably similar. In addition, separate
projections of total tonnage with the commodity groups combined were

made using national and basin level variables and these values were quite
consistent with each other and with the total tonnage projections obtained
by summing the individual commodity groups (see Table 68 for details).

Although projections were obtained for Commodity Group 8, the R
value for this group was significantly lower than those obtained for the
other commodity groups. One possible explanation for this lies in the
effect on domestic steel production (and thus on the raw materials,
especially iron ore, that serve as inputs to steel production) that has been
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Table 59: System Level Projections Chosen
for Use in Shift-Share Analysis*

ICommodity Grouip Equation R Projections **

80 85 90

Coal and Coke Y=-31, 672, 927 .96392 117,031 146,605 182,256
+ 102, 596XB 11 -
2 8, 783XB 14

Petroleum Fuels Y=-58, 465, 846 + . 96243 24, 312 3056 37, 663
5800XB15 +
3440XBO02

Aggregates Y=-4, 284, 360 . 88658 27, 845 33,296 39, 727
+ 8750 XB17

Grains Y=- 16, 300 + .88187 3,354 4,1 ,5
773XB16 -2690

* XBO6

Chemicals and Y=-10, 499,211 + .92313 13,333 17,604 22,639

Chemical Ferti- 1460XB09 - 2087
*lizers XBO6

Ores and Minerals Y=-6,213, 546 .83033 6,294 7,890 9,739

~~i +5664XB 14+ 1494

Iron Ore and Y=-273, 520 .57656 6,4 71 50 8,655

Iron and Steel + 1775XB17

All Other Y=-11, 513, 842 .93964 13. 041 17. 090 2.1,854
+ 1361 XBO9

*All equations chosen were linear with basin level independent variables.
**Thousands of tons.
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Table 68: Projections* of Basinwide Total 'Tonnage (Demand)

Projection Procedure 1980 1985 1990

1. Sum of individual commodity 210,946 264,137 325,643
group projections, national
level independent variables

2. Sum of individual commodity 211,454 264,717 327,989
group projections, basin
level independent variables**

3. Linear Regression
Y=35, 138 XN05 - 76,311,965 217,965 Z72, 511 337, 161

4. Linear Regression
Y=69 XBO2 - 992,455 223,739 273,557 326,687

*Thousands of Tons
**These values were used as the total tonnage projections in the shift-share

procedure.
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caused by a rapid increase in the imports of steel mill products. The plot
of imports of steel mill products and iron ore and iron and steel tonnage
on the rivers of the ORB, both versus time (Figure 6), illuminates some
interesting patterns. Between 1947 and 1957 when steel imports were low,
the tonnage trend was generally upward. However, the rapid increase in

imports which began in 1958 and increased rapidly over the aext ten years
corresponds with a drop and subsequent leveling off of Commodity Group 8
tonnage. It is also interesting to note that sharp increases in imports
often correspond to drops in Commodity Group 8 tonnages (1950-1951,
1961, 1962, 1970-1971, 1973-1974) and vice versa (1951-1952, 1971-1972).

Given these patterns, it seem that a fairly strong inverse relation-
ship exists between the imports of steel mill products and the tonnage of
Commodity Group 8 moving on the waterways of the ORB. In fact, summing
the tonnages of these two variables for each year from 1947 to 1974 and
then running a simple time series regression on the resulting series of
tonnages yields an R value of .89628. Therefore, although Commodity
Group 8 tonnage projections have been made (see Table 59) one should be
aware of the fact that this commodity group is very sensitive to the amount
of steel mill products imported. Since imports are quite dependent on
government policy, a shift in policy regarding imports, could result in a
change in Commodity Group 8 tonnage, e.g., an increase in tariffs could
cause a decrease in steel mill products imports and a resulting increase
in Commodity Group 8 tonnage. Thus, the forecasts of Commodity Group
8 tonnage derived in this study, should be reviewed as government policy
in this matter evolves.
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Figure 6: Imports of Steel Mill Products and Commodity Group 8
(Iron Ore and Iron and Steel) Tonnages vs. Time
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3.3 Assignments of O-D Flows to Rivers

and L&D Projects

The tonnages appearing in the 1980, 1985, and 1990 columns of the Tables

in this section are the result of running the commodity specific future O-D matrices

developed by the Shift-Share and Fratar procedures through the traffic assignment

program. The tonnages appearing after "Base Year Assignment" at the bottom

of each table result from taking the observed base year flows (1975 for commodity

groups 5 and 6, 1976 for the other groups) utilized in the Fratar procedure and

running them through the traffic assignment program. This base year assignment

was performed mainly as a check to help determine the accuracy of the assignment

procedure. By comparing the total tons obtained as a result of the assignment

with the observed 1976 tonnage* which also appears on each table, one can see

that in most cases the assignment procedure yields results quite close to those

actually observed.

It should be noted that the actual O-D matrices at the PE and BEA level
of analysis are not included in this report due to the voluminous nature of the
material. They are, however, available for review in the Huntington District
office of the Corps of Engineers.

*The fact that the base year data included 1975 flows for groups 5 and 6
should not effect the comparison to any great degree since those groups comprise
a relatively small portion of total traffic.
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PROJECTED LOCK AND DAM TRAFFIC

KENTUCKY RIVER
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Kentucky L&D's #5-#14 F

0 Tons, All Commodities, Both Directions
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PROJECTED LOCK AND DAM TRAFFIC

GREEN RIVER
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PROJECTED LOCK AND DAM TRAFFIC

CUMBERLAND RIVER
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PROJECTED LOCK AND DAM TRAFFIC
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4.0 CONCLUSIONS

The methodologies employed by CONSAD in projecting future demand

for waterway commodity flows have all utilized historic traffic patterns to
predict the future trends. One should realize that changes in either the
physical characteristics of the system (e. g., new and/or improved navi-
gation projects) or the competitive relationship between water, rail and
pipeline shipping rates, could cause significant changes in the tonnages of
commodities moving on the waters of the Ohio River Basin.

In addition, the projected totals for each commodity group depended
on the OBERS Series E projections for population, personal income, and
earnings of certain key industries. If these projections turn out to be overly
optimistic then the commodity group demand forecasts derived from them
probably will not be reached.

Overall, the CONSAD analysis projects demand for future system
traffic at a little over 328 million tons in 1990. This can be compared with
just under 170 million tons of traffic moved in 1975. Table 69 presents
total tonnage figures for five-year periods between 1945 and 1975, and the
projected values for 1980, 1985, and 1990. Note that the average 5 year

percent increase between 1945 and, 1975 was 23 percent, quite comparable
with the predicted 5-year percent increases between 1975 and 1990.

One might argue that the small increase in total tonnage between
1970 and 1975 represents a slowdown in the growth of waterborne commerce,

However, the approximate 5 million ton increase between 1970 and 1975
includes a drop of over 6 million tons of crude petroleum shipments due
to the opening of new pipelines. Thus, this special crude petroleum
situation partially accounts for the small increase in total tons between

I 1970 and 1975.

It may well be that the recent apparent slowdown in the rate of increase !

of river traffic is due to the volume of river traffic approaching the capacity
i of the river system, i.e., the time required to ship by water may have

. increased due to the waiting times for use of lock facilities to the point
I where alternate modes of transport have become more competitive and

thus more attractive. It should be noted that CONSAD has developed
,demand projections, and that capacity constraints were not used in any of

2
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Table 69: Ohio River Basin Total Tonnage*

Year Total Tons %Increase

1945 51,262 2.

1950 66,092
54.6

1955 102,167
3. 1

1960 105,318
29. 7

1965 136,596 20.0

1970 163,903
3.1

1975 168,991 2.

1980 Z13,&4

1985 264, 717* 23.9

199032. *

*thousands of tons

**No crude petroleum
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this work except to the extent that historic volumes reflected such con-
straints. If the capacity of current facilities has been responsible for a
slowdown in the rate of increase of waterborne commerce, and continues
to be so, one would not expect river traffic to reach the levels estimated
in this study without improvement of facilities.

The assignment of commodity group tonnages to individu-l lock and
dam projects was the result of systemwide projected commodity group
totals being distributed among the individual originating and receiving
ports according to the base year distribution modified by historical trends.
This "system to component" approach seems reasonable in light of the
analysis in Section 3.1.4 where a fairly strong degree of association was
discovered between the system and its components. However, this does
not bely the fact that certain commodities are moving in response to very
different and/or more localized variables than those that were tested in
this study. It is expected that such issues will be addressed in companion
ORB traffic projection efforts.
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APPENDIX A: Commodity Code Conversions

A.



COMMODITY CODE CONVERSION: 1949-1964 3-digit to Standard
4-digit

552 2951 109 2049 260 0129
•1:1 2431 1. . 2042 280 0121
725 3511 120 0141 .85 2111
840 2851 123 2034 290 2062
5 25 3911 125 2034 297 0191
507 2911 127 2034 300 0101
521 2911 130 0131 310 2211
645 3411 132 0132 320 2311
415 2431 133 2039 324 2212
475 2691 135 2039 326 2212
005 0151 136 2039 328 2212
090 0151 137 2039 331 2311.
010 2011 138 2039 335 2311
013 2012 140 0131 340 2015
017 2012 150 2091 350 221.1
018 2012 160 0133 381 2823
020 2092 161 0134 390 2311
033 2021 165 2099 400 2411
035 2022 167 2099 401 2412
037 2021 170 2099 405 2414
039 2021 130 2061 408 413
040 0911 185 2062 413 2421
043 2031 190 2081 416 2431
045 2031 195 2099 417 2491
047 2031 199 2094 421 2491
049 0912 200 0841 430 2491
050 0161 201 2822 440 2415
055 0913 203 4029 441. 2611
060 0161 205 3011 445 4024
065 3111 207 3 011 450 2621
075 0161 210 2861 457 2691
094 0931 220 0861 501 1121
095 0161 231 2091 502 1121.
100 0103 232 0112 503 2991
101 0105 233 0119 504 2920
102 0102 234 0119 505 2911
103 0107 235 0119 506 2911
104 0104 236 0119 510 2914
107 2)041 240 2091 511 1311
1 08 0 106 250 2812. 512 291.2

A.?



Commodity Code Conversion: 1949-1964 3-digit to Standard
4-digit (continued)

513 291.3 6.22 3322 826 2813
14 "2 9 15 624 3322 8"2',' 2:I

516 2918 632 3322 828 2819

51.7 2916 640 1091. 829 2819
518 29:1.7 642 3323 846 2819
519 2916 652 1091 848 28,51

5.2)-0 2991 660 1091 849 2871

522 2911 662 3321 851. 2871

523 3241 665 3321 852 1471.3281 8, 3 2 87.3
,-,2,.6 3281 670 1091 "5--

530 3211 672 3323 854 2873
540 1451 682 3321 855 2872

543 3251 690 1091. 859 287

547 3251 700 3611 860 2891.

548 1494 701 3611 862 2891.
549 1492 710 3511 865 2841

550 1493 7"22 3511 900 391J.:
551 141.1. 730 3511 901. 391:
553 149:1. 731 3511 920 391.1

554 1442 740 3511 925 41.11

555 1499 742 3511 926 2 09,.J
556 331.2 745 351 930 4029

600 1011. 770 3511. 940 4:11.3

601 3311 780 3711 970 41:18

602 4011 781 371:1 999 9999
603 3314 782 3711 183 2062

605 33 15 783 3731 325 2212
606 341.1. 785 3731 410 2414

607 3411 786 3791 420 2491

608 3317 787 3711 515 2916

609 3316 790 3721 604 331.9

611 341.1. 793 3721 680 3321

612 3411 796 3791 720 351.1.
613 1061 801 2811 900 2811

614 3318 802 2817 830 2819

615 3318 805 2819 835 2818
61.7 1051. 806 28:19 945 819

6:18 3324 810 2831 85 871
620 1021 82.5 28:18

A. 3



I
COMMODITY CODE CONVERSION: 1948 B-digit to Standard 4-digit

661 2631 501 2911 653 2611
323 3251 503 291 657 '6211
001 0107 505 2916 t59 2691.
003 0103 507 2991 t)63 2691
007 0104 523 0841 665 2691
011 0105 527 2819 673 2691
013 0129 529 2818 685 3611
019 2049 531 2819 697 3911
023 2042 533 2810 691. 391.1.029 0121 535 2813 695 3211

031 2111 539 2879 697 3211
035 0101 543 2918 701 3911
043 0111 545 2812 703 2491
045 2034 547 2851 705 3911
0'15 0133 553 2831 707 3911
089 0129 565 3323 711 3911
091 2034 573 3311 713 39:1.1.
107 0191 575 3314 715 3911
199 0191 577 3315 723 2823
299 0161 579 3314 725 2823
305 1121 581 3319 727 2211307 :7313 583 3315 743 391:1
309 1011 585 3319 749 2081.
321 1091 587 3317 751 2094
327 1442 589 3791 755 2099
329 1442 59.1. 3511 759 2061
333 1.412 595 3511 763 2094
337 1311 597 3511 769 2841.
339 2918 609 3791 771 3911.
341 1491 611 3791 773 2042
343 1471 613 3711 7/9 3319
345 1492 615 3711. 785 2491
399 1499 617 3511 787 2491
401. 2411 623 3511 789 4011
407 2491 627 3711 793 3312
411 2421 629 1911 797 402.9
413 2431 633 3241 799 3911
417 0861 639 3251 798 3731
4?9 0861 643 3291 693 3211

A. 4
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COMMODITY CODE CONVERSION: 1943-1947 3-digit to Standard
4-digit

699 3211 452 2916 698 2841.
703 4112 453 2991 700 321.1.
353 3281 460 0119 701 3911
010 0107 470 2061 704 3319
020 0103 471 2099 702 3319
030 0104 490 3311 080 0121.
040 0102 49:1 3314 090 0101
041 0105 500 3315 100 0129
060 2049 511 3317 1.61 0129
061 2049 512 3319 260 2211
091 0101 513 3315 280 2031
101 010. 522 3323 320 1011
143 0104 530 3511 401 2414
150 2034 540 3241 432 243:1.
152 2034 560 3271 593 371:1.
164 0191 580 3511 042 0129
221 2021 590 3711 370 2918
222 2014 591 3711 390 .471
282 0161 611 2511 440 0861.
300 1121 620 2081 442 0841.
310 3313 640 2879 461 0119
350 1442 650 2621 462 2091
351 1442 651 2691 472 2062
352 1412 660 2813 5 10 3317
360 1311 661 2818 521 3322
380 1491 670 2211 523 3324
391 1492 671 2823 582 3511
392 1499 680 2094 592 3711
400 2411 690 2111. 610 2511
410 2491 691 2851 333 109:1
430 2421 692 3312 420 269:1.
431 2431 693 4011 043 2099
443 0861 694 2691 551 3251
450 2914 695 2631 552 1.499
451 2915 696 2691 581. 379:1.

A.5



APPENDIX B: Individual
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APPENDIX C: Key Lock and Dam Data Set

i

Note: A zero entry indicates that data was not available for that year,
or the lock had not yet opened. It does not necessarily mean
that tonnage of that particular commodity group did not move
in the year indicated.

I C. 1



Table C. 1: Historic Key Lock and Dam Traffic
by Major Commodity Group

Montgomery Lock and Dam - Ohio River

Petroleum iron ure and
YEAR Coal & Coke Fuels Aggregates Iron & Steel
40 0. 0* 0. 0.
41 0. 0. 0. 0.

0 . 0. 0. 0.
4- 0. 0. 0. 0.
4 0. 0. 0 0.
4b 310U000. 975000. 0. 450000.
4t 4450000. 900000. 7b000U. 325000.
4/ 0. 0. u. 0.
4b 0. 0. U. 0.
4P 5000O00. 1 00000. 1500000. 97t000.
50 6600000. 1725000. 2000000. 1575000.
51 0. 0. 0. 0.
bc 5600000. 1 5000. 25U0000. 1500000.
bi 6700000. 22000000 e300000. e30000U.
b4 4300000. 100000. 2300000. 2475000.
b! 6900000. 600000. 25t0000. 3075000.
56 7522765. 2b12909. i3v0215. 3036608.
5, 78762J8. 2955418. e15090u. 3040147.
b 6590598. k591567. e2t584l. e038878.
b5 610503. 77185. U. i37b527.
60 671i507. 2641666. 14I156. e133880.
61 692 937. 390792. 14J6546. 1854814.
be 73363b9. 2315642. 17866bl. 1811033.
6 7b45736. i.b44b1. 1b6e425. 183?73b.
64 8335111. 2885525. e24b551. 1781804.
6 8544529. 29vb4615. e14klOb. 2060901.
66 10505592. 253074V. 210b145. 169J3b3.
61 93863 6. 2798839. 192948. 172544t.
66 89b1664. 3042287, i656826. 1977475.
69 71345L-2. 3034967. e551181. 194d096.
1o 6434406. 2941067, 234102 . j45 31.
1i 6699260. 2138678. ?440397. 1939891.
/i 6057957. 5b9 152. 21t417. ?379828.
I 6475052. 3106265. 21 eb46. 2263540.
14 6256669. 3703801. 20681b4. e40311b.
/5 6147037, 3428078, 1847149. 190L824*
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Table C. 2: Historic Key Lock and Dam Traffic
by Major Commodity Group

Lock & Dam #52 - Ohio River

Chemicals
Petroleum & Chem.

Coal & Coke Fuels Fertilizers All Others
40 0. 0. 0. 0.
41 0. 0. U. 0.
4 0 00. U. 0.
i. 0. 0. 0. 0*

44 0. 0. 0, 0.
4! 25000. 4925000° u. 0.
46 100000. 4100000. U. 450000.
47 0. 0. U. 0.
4k 0. 0. 0. 0.
4S 125000. 5425000. 0 8350000.
bO 100000. 5725000. u. 1025000.
bl 0. 0. U. 0.
be 850000, 5650000. 81b5OU. 850000.
b3 1400000, 5325000. 9OU00O. 1150000.
b4 2550000. 6Z00000 6(500O, 800000.
b5 2850000. 7i00000. 950000. 1400000.
bb 2919211. 7136295. 11566bib 1421293.
b1 417b300, 6506344. i2b4d2e3 1588557.
bb 4544556. 6487032. 12b"141. L095928.
b5 45?5760. 7401673. 14U1474o 2159031.
o 4766522. 8008836, 1615579, 252111b.
61 54225b6. 8794236. 1826 b5. 224871U.
6e 6404391. 9032790. 1811688. 235777.
63 6541036. 9044634. e0103156 3513062.
b4 6754159. 8773907. 2401593. 3980193.
65 6630633, 8306214. 2744164. 5636854.
66 7418950. 8359314. 3213891. 6464363.
b6 9250062. 8k877849 3b43213. 6067139.
b6 10196036. 9976453. 3999660. 6715929.
b9 12094404. 9702261. 5240200o 6144912.
t0 13291900. 1051064i. b54kll,5 7252171.
11 12156369. 8765814. 6596005. b551671.
Ii 142084339 89b6357. 72b443e, 6395895.
13 13546541. 9611558. 6961517. 6551968,
74 15553733. 10396086. 774ei18b 79752e.
15 15199390. 9845990. 645439o 7605781.
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Table C. 3: Historic Key Lock and Darn Traffic

by Major Commodity Group

Gallipolis Lock and Dam - Ohio River

Chemicals
Petroleum & Chem. iron Ore aid

YEAR Coal & Coke Fuels Fertilizers Iron & Steel

40 0. 0. 0. 0.
41 0. 0. U4 0.
4e 0. 0. 0. 0.
40 0. 0. u. 0.
44 0. 0. U. .

'.50. 0. 0. 0
4t 2500000. 15OOOO. U0 8500000
41 0. 0. . 0.
4k 3400000. 1300000. U. 1300000.
4v 3250000. 1350000. u. 1400000.

54500U0. 21000001 U0 2050000.bl 50000000 27000000 u. 16O00000.

Sc 4750000. 2850000. 7t0UOU. 2050000.
b: 4b50G00 2900000. 90000 30b00000
b4 3900000. i:550000. 700000, 31000000
bb 5900000o 3300000. 950000.u 390000U.
!3t 6357671, 3545220o 10984b, 409317b,

b/ 7302095. 3721109. 12blb95. 38b189.
bb 67682139 3567657o 12uol0u. 2708252.
!', 8084396. 4100920o 13e1534. 3073069.
bu 807t283. 4084071. 14!D2b. e813568.
61 7811552. 4148646o 1644093o e39i012.
62 7746396. 3999381. 1bl263bo 2298603.
J 8429179. 4e13272, 178k050. 2279592.

64 9291394o 4925763. 2042/5b, 2258587o
b5 9740299. 4940512. 261b195o 70744?
6t 10638845. 4700227. 2147717, 2353788.
b1 10759152o 5027060. 2b>b3tl. 2380894.
bt 11046050. 5231213. 29606le. 256543m,
b6' 11073583. 550689. i58:34, e562809 .
10 11800005. 5498857o 40b(P00. 3364660.
71 13783087. 4548801. 424b933. e59508b,

12528169. 50257b8. 4005967. 3263720.
j 10832310. 5e31272. Jldlb4J. 313804?.

14 13805551, 7043088o 331ie57, 3351362.
1b 17257200. 6265003. 2554111. e6 3 748J.
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Table C. 4: Historic Key Lock and Dam Traffic
by Major Commodity Group

Lock and Dam #2 - Allegheny River

Iron Ore and
YEAR Coal & Coke Aggregates Iron & Steel All Other

40 0. 0. 0. 0.
41 0. 0. 0. 0.
4e 0. 0. 0. 0.
43 0. 0. u. 0.
44 0. 0. 0. 0.
4b 1088000. 211000. 42000. 26000.
46 996000. 384000. 0. 32320.
47 1055000. 356000. 0. 21000.
4: 1620000. 610000. 15000. 20000.
4p 1850000. 331000. e2000. 21000.
5O 1620000. 459000. b5O00. 24000.
51 1750000. 556000. 4*000. 24000.
bk 1420000. 5b0000. 44000. 48000.
53 1612000. 512000. I8dO0U. 76000.
54 2233000. 727000. 243000. 133000.
b5 1785000. 410000. 2e5000. 145000.
be 2151000. 425000. 246000. 60000.
57 2324040. 321000. I1)000. 83000.
5 1898000. 576000. Id000. 68000.
5% 1530000. 3b0000. 21b000. 103000.
60 1674000. 316000. 25o000. 80000.
61 1952000. 224000 26000. 56000.
6e 1976000. i28000. Ib000. 92000.
63 1869000. 420000. 198000. 143000.
64 1894000. 337000. 219000. 156000.
65 1875000. 329000. 24600U. 204000.
66 1857000. 320000. 213000. 25k0o0.
67 1880000. 256000. 2bbOO, 300000.
bb 1425849. 421684*. 3uO0Y9. 281121.
6V 2127675. 342868. 317704. 347203.
l0 2349300. 419166. 1b6E209. 27937.
I 2275886. 469832. lJt68. 43559/.
li 2178842. 640455. 117911. 440524.
13 1853916. 708008. 17bill. 513591.
I4 22196b2. 632210. l9el4. 481534.
l5 2094074a 620417. 2e0051. 439635.

C. 5



- -------

Table C. 5: Historic Key Lock and Dam Traffic
by Major Commodity Group

Lock and Dam #7 - Monongahela River

Petroleum
YEAR Coal & Coke Fuels Aggregates

40 0. 0. 0.
41 0. 0. 0.
4k 0. 0. 0.
43 0. 0. 0.
44 0. 0. 0.
45 1780000. 60000. 10000.
46 19900000 90000. 10000.
47 2740000, 110000. 180000.
4b 3200000. 120000. 170000.
49 2250000. 190000. 10000.
5O 2450000. 200000. 100000.
51 2600000. 200000. 90000.
bi 2440000. 160000. 14000U.
b3 1979000. 200000. 40000.
54 1555000. 210000. 127000.
55 2515000. 110000. 100000.
56 4770000. 180000. U200000
!7 7379000. 160000. 100000.
58 5949000. 170000. 110000.

5870000. 180000. 16O000.
60 622000. 210000. 150000.
61 5543000. 230000* 60000*62 6427000. 245000. 95000.
63 7311000. 260000. 160000.

64 8155000. 275000. 165000,

65 9080000. 290000. 200000.
66 7619000. 290000. 604000.
67 7970000. 280000. 580000.
6b 7045561. 307540. 5b0407o
69 7444207. 325445. 551241.
70 92815600 336826. '.0586.
71 7352538. 294229. 424980.
7i 8700179. 244093. 477561.
73 8012240. 303765. 521965.
74 7891803. 312422. 4061 0.
7b 6891492. 323093. 523875.
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Table C. 6: Historic Key Lock and Dam Traffic
by Major Commodity Group

Winfield Lock and Dam - Kanawha River

Chemicals
& Chem.

YEAR Coal & Coke Aggregates Fertilizers
40 0, 0. 0.
41 0. 0. 0.
4: 0. 0. 0.

4J0. 0. 0.
44 0. 0. 0.
45 0. 0. 0.
46 0. 0. U.
41 0. o. 0.
4b 0. 0. 0,
4% 0. 0. 0.
50 0. 0. U.
bi 0. 0. 0.
be 0. 0. 0.

0. 0. 0.
b4 0. 0. U.
bb 0. 0. 0.
be . O. 0.

51 0. 0. U
0. 0. 0.
0 *O O0. 0.
0' 0. 0. 0.

bi 0. 0. 0.64 0. 0. 0.

65 0. 0. 0.
bt 0. 0. U.
61 4883966. 66288S. 3229092,

b05005b2. 848606. 3'1:14043.
b 5052919. 1118841. 38153874
to 5044695. ll4762?7 384:1.653.
11 4666989. 1637451. 4067659,
I 5109392. 1572196. 39:10007.
?i 5376597. 1408803. 34901f.18.
14 4278319. 15955520 3,389352.
lb 37L0808. 1625490. 2588335.

1



Table C. 7: Historic Key Lock and Dam Traffic
by Major Commodity Group

Lock and Dam #1 - Kentucky River

YEAR Aggregates
40 0.
41 0,
4j: 0.
43 0.
44 0.
45 0.
46 0.
41 0.
4b 0.
49 0.
50 0.
51 0.
be 0.
b3 0.

!A 0.
55 53030.
be 66562,
57 0.
5b 0.
b9 210461.
60 172825.
6l 182108.
b 231193.
63 257117.
64 341283*
65 251448.
66 329765*
67 432457.
68 385830.
612 440010.
71 425949.
11 tA254549
/i 598990.
13 772362.
14 652607.
7b 570840.

C.8
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Table C. 8: Historic Key Lock and Dam Traffic
by Major Commodity Group r.
Lock and Dam #1 - Green River

YEAR Coal & Coke
0 04

41 0.

43 0.
4'. 0.
4b 0.
4b 0.
47 0.
4b8 0.
4 9 0.
50 0.
51 0.
bi 0.

b4 0.
b5 0.
bt 1014924.
57 0.

59 4964059.
60 5238071.
61 7322158.
bi: 8220649,
b3 7494652.
64 10104221.
5 11091633.
bb 11430184,
61 13279568.
6b 15561601.
bl 15039759.
70 16137442.
11 14001191.
I 15613571.
I3 15082758.
74 15157198.
'b 15454541,
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Table C. 9: Historic Key Lock and Dam Traffic
by Major Commodity Group

Cheatham Lock and Dam - Cumberland River

P~ Lruleuin

YEAR Fuels Aggregates All Other
40 0. 0. u.
41 0. 0. 0.
4 0. 0. 0.
43 0. 0. 0.
44 0. 0. 0.
45 0. 0. 0.
46 0. 0. 0.
47 0. 1. 0.

0. 0. 0.
4', 0. 0. 0.
bO 0. 0. 0.
b1 0. 0. 0.
bc0 0. 0.
6i 0. 0. 0,
b4 0. 0. 00
55 0. 0. u.
bb 0. 0. 0.
b7 0. 0. 0.
bb 1441890. 760954o dUUd8,.
5', 1543038. 834111. d82811
6u 1515549. 818423. 14204*
61 0. 0. 0.
6e 0. 0. 0.
63 1872875. 981016. 5223b.
64 1357099. 1153638. eb031.
65 0. 0. 0.
b6 0. 0. 0.
67 1341361 1225920. 69313.
bb 0. 0. U9
69 14832140 1194694o 241146,

70 1630946. 1039550. 275664.
71 1690808. 1170902. 517476.
li 1282121. 1472040. 5ub2bb.
13 792570. 1636643. 514157.
74 765453. 1379334o 5JO050.
75 1005483, 1222359. 49So993,
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Table C. 10: Historic Key Lock and Dam Traffic
by Major Commodity Group

Kentucky Lock and Dam - Tennessee River

Petroleum

YEAR Coal & Coke Fuels Aggregates All Other
40 0. %. 0. 0.
41 0. 0. 0. 0.
4i 0. 0. 0. 0.
43 0. 0. 0. 0.
44 0. 0. 0. 0.
4b 0. 0. . 0.
4t 0. 0. 0. 0.
47 0. 0. 0. 0.
48 0. 0. 0. 0.
4', 0. 0. 0. 0.
!; 0. 0. 0. 0.
b1 0. 0. 0. 0.
bk 0. 0. 0. 0.
b3 0. 0. 0. 0.
b4 0. 0. 0. 0.
b5 0. 0. 0. 0.
bb 0. 0. 0. 0.
b? 0. 0. U. 0.
5k 13b629,0. 695455. J7350. 927171.
b'1 1537090. 656807. 517181. 54888?.
60 1466469. 714509. 15800. 1383042.
61 996400o 492000. 6e4169. 181000.
be 455816. 692131. J4185. 1211621.
63 432271. 795204. 6174. 160566?.
64 1907066. 651869. 14991. 2028894.
bb 3375126. 671772. 10215. 707753.
6E 3755101. 722057. 417450. 762118.
67 3886683. 1613031. 1339065. 2803424.
6t 4181109. 2158040. 2188186. 1922042.
b6, 5202346. 2254833. 18J4920o 165b181.
10 5271614. 2396470. 16178b6o 2153718.
/1 6550397. 2246294*. 1400514. 3107315.
1i 7436084. 2034775. 1508311. 2978484.
73 7768649o 1379491o 29e1500. 3212377.
14 6340953. 1481131. 1946058. 5024120.
?b 9926105. 2188486. 1462516. 4839570.
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APPENDIX D: Initial Inspection of O-D Movements, 1969-1976,

By Commodity Group

D. I
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COMMODITY GROUP 2
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COMMODITY GROUP 2
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COMMODITY GROUp 3
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COMMODITY GROUP 3
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COMMODITY GROUP 4
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APPENDIX E: Commodity Group Definitions



Table E. 1: COMMODITY GROUPINGS TO BE UTILIZED

FOR PROJECTING OHIO RIVER BASIN

WATERWAY TRAFFIC

COMMODITY GROUP W.C.S.C. Commodity Codes

1. Coal and Coke 1121, 2920, 3313

2. Petroleum Fuels 2911 thru Z915, 2921

3. Crude Petroleum 1311

4. Aggregates 0931, 1411 thru 1442

5. Grains 0102 thru 0111

6. Chemical and Chemical Fertilizers Z810 thru 2891

7. Ores and Minerals 1021 thru 1091, 1451, 1491 thru
1499

8. Iron Ore and Iron and Steel 1011, 3311, 3314 thru 3319, 4011

9. All Other 0101, 0112 tl'ru 0913, 1471, 1479
1911 thru 2711, 2916, 2917, 2918,
2951 thru 3291, 3312, 3321 thru
3911, 4012 thru 4113, 4118, 9999

* Waterborne Commerce Statistical Center

E.2

-.- - r W -



Table E. 2: COMMODITY CLASSIFICATION FOR SHIPPING STATISTICS

Note: The commodity descriptions used in the statis- Group 19-Ordnance and Accessories
tical tables in this publication are abbreviated forms-to
conserve printing space-of the following ,mmrnodities. 1911 Ordnance and accessories

Code Group 20-Food and Kindred Products
No. Item Name

2011 Meat, fresh, chilled, or frozen
2012 Meat and meat products prepared or preserved,

Group 01-Farm Products including canned meat products
2014 Tallow. aniral fats and oils

0101 Cotton, raw 2015 Animal by-products, not elsewhere classified
010Z Barley and rye 2021 Dairy products, except dried milk and cream

0103 Corn Z022 Dried milk and cream
0104 ots 2031 Fish and fish produrts, naluding shellfish, pre-
0104 Oats pared or preserved

2034 Vegetables and preparations, canned and otherwise
0105 Rice prepared and preserved

0106 Sorghum grains 203q Fruits and fruit and vegetable juices, canned and

0107 Wheat otherwise prepared or preserved

0111 Soybeans See footnote at end of Comi.nodity Classification.
0112 Flaxseed
0119 Oilseeds. not elsewhere classified
0121 Tobacco, leaf
0122 Hay and fodder 2041 Wheat flour and semolina

Z042 Prepared animal feeds
204Q Grain mill products, not elsewhere classified

0120 Field crops, not elsewhere classified 2061 Sugar
0131 Fresh fruits and tree nuts. except bananas and 2062 Molasses

plantains Z081 Alcoholic beverages
0132 Banana* and plantans 2091 Vegetable oils. all grades; margarine and shortening
0133 Coffec. green and roasted (including instant) 20O2 Animal oils and fats. not elsewhere classified, in.
0134 Cocoa beans cluding marine
0141 Frebh and frozen vegetables 2094 Groceries
0151 Live anin-als (livestock). except zooanimals, cats, 2095 Ice

dogs. etc. 2099 Miscellaneous food products
016.1 Animals and animal products, not elsewhere

classified Group 21-Tobacco Products
0191 Miscellaneous farm products

2111 Tobacco manufactures
Group 08-Forest Products

Group 22-Basic Textiles
0841 Crude rubber and allied gums
080 Forest products. not elsewhere classified 2211 Basic tex-tile products, except textile fibers

2Z1Z Textile fibers, not elsewhere classified
Group 09- Fresh Fish and Other Marine Products

Group 23-Apparel and Other Finished Textile
0 II Fresh fish, except shellfish Products, Including Knit
0012 Snellfish. except prepared or preserved
0913 Menhaden 2311 Apparel and other finished textile products. in-
0931 Marine shells. unmanufactured cluding knit

Group 10-Metallic Ores Group 24-Lumber and Wood Products
Except Furniture

1011 Iron ore and concentrates
1021 Copper ore and concentrates 2411 Logs
I0_1 Bauxite andother aluminumores andconcentrates 2412 Rafted logs
100 I Manganese ores and concentrates 2413 Fuel wood, charcoal, and wastes
1091 Nonferrous metalores and concentrates, not else. 2414 Timber, posts, poles, piling, and other wood in

where classified the rough
2415 Pulnwood, log

Group 1-Coal 2416 Wood chips. staves, moldings, and excelsior
2421 Lumber

1121 Coal and lignite 2431 Veneer, plywood, and other worked wood
2491 Wood manufactures, not elsewhere classified

Group 13-Crude Petroleum
Group 25-Furniture and Fixtures

1311 Crude petroleum 2511 Furniture and fixtures
Group 14-Nonmetal;ic Minerals. Except Fuels

Group 26-Pulp. Paer and Allied Products

1411 Limestone flux and calcareous stone
1412 Building stone, unworked 2611 Pulp
1442 Sand. gravel and crushed rock 2621 Standard newsprint paper
1451 Clay. ceramic and refractory materials 2631 Paper and paperboard
1471 Phosphate rock 2691 Pulp, paper and paperboard products, not ale
1479 Natural fertilizer materials, not elsewhere where classified

j classified
1491 -Salt Group 27-Printd Matter
1492 Sulphur. dry
14Q3 Sulphur, liquid 2711 Printed matter
4 4 Gypsum, crude and plasters
149

. 
Nonrtmetallic minerals, except fuels, not else.

where classified E. 3



Table E. 2: Commodity Classification for Shipping Statistics (continued)

Group 28-Chermicals and Allied Products Group 33-Continued

2810 Sodium hydroxide (caustic soda) 33I Nonferrous metals primary smelter products.
2811 Crude products from coal tar. petroleum, and basic shapeswire.caetingsandforginge.except

natural gas. except benzene and toluene 'opper. lead. zinc and aluminum
2812 Dyes. organic pigment, dyeing and tanning 3322 Copper and copper alloyswhether or not refined.

materials onworked
hb13 Alcohols 33.3 Lead and zinc including alloys, unworked

2816 Radioactive and associated materials, including 3324 Aluminum and alumintm alloys. unworked
wastes

2817 Benzene andtoluene, crude and commerciallypure Group 34-Fabricated Metal Products,
2818 Sulphuric acid Except Ordnance. Machinery, and
2819 iasic chemicals and basic chemical products, not Transportation Equipment

elsewhere classified
21421 Plastic materials, regenerated cellulose and syn- 3411 Fabricated metal products, except ordnance,

tic resinb, including film, sheeting, and machinery, and transportation equipment
laminates

2b.i'2 Synthetic rubber Group 35-Machinery. Except Electrical
2b23 Synthetic (man-made) fiber

2831 Drugs (biological products, medicinal chemicals. 3511 Machinery, except electrical

botanical products and pharmaceitical Group 36-Electrical Machinery,
preparations Equipment and Supplies

2841 Soap, detergents, and cleaning preparations: per-
fumes, cosmetics and other toilet preparations 3611 Electrical machinery, equipment and supplies

2851 Paints. varnishes, lacquers, enamels, and allied
products Group 37-Transportation Equipment

2861 Gum and wood chemicals
2871 Nitrogenous chemical fertilizers, except 3711 Motor vehicles, parts and equipment

mixtures 
3721 Aircraft and parts

2872 PotassiL chemical fertiliz.ers. except mixtures 3731 Ships and boats
2873 Phosphatic chemical fertilirs. except mixtures 3791 Miscellaneous transportation equipment
2876 Inoecticides. fungicides. pesticides, and

disinfectants Group 38-Instruments. Photographic and
2879 Fertilizers and fertilizer materials, not elsewhere Optical Goods. Watches and Clocks

classified
2891 Miscellaneous chemical products 3811 Instruments, photographic and optical goods.

watches and clocks
Group Z-Petroleum and Coal Products

Group 39-Miscellaneous l-r iducts of Manufacturing
2911 Gasoline, including natural gasoline
2912 Jet fuel 3911 Miscellaneous products of manufacturing
2913 Kerosene
2914 Distillate fuel oil Group 40-Waste and Scrap Materials
2915 Residual fuel oil
2o16 Lubricating oils and greases 4011 Iron and steel scra
2917 Naphtha. mineral spiratl, solvents. not elsewhere 4012 Nonferrous rmetal scra,

classified 402 Textile waste, scrap. and sweepings
2918 Asphalt. tar, and pitches 4024 Paper waste and scrap
2920 Coke. incliding petroleum coke 4029 Waste and scrap, not elsewhere classified
2921 Liquefied petroleum gases, coal gases, natural

gas. and natural gas liqoids Group 41-Special Items
2951 Asphalt buiding materials
2991 Petroleum and coal products. not elsewhere 4111 Water

classified 4112 Miscellaneous shipments not idertifiable by
commodityGroup 30-Rubber and Miscellaneous 4113 LCL freight

Plastics Products 4118 Materials ised in waterway improvement. Govern-
ment materials

3011 Rubber and miscellanel-s plas-" 1 rooucts q09'" Department of Defense controlled cargo and spe-
cial category items

Group 31-Leather and Leather Products

Statistics on salt in this pubitcation are included3111 Leather and leather products with "Nonmetallic minerals, except fuels. not elsewhere
classified." commodity code 14i

o
, to avoid disclosre

Group 32-Stone. CIty. Glass. ard of individual c mpany operations.
Concrete Pr:docts

". Cargoes exportedtin De;iartment of Defense con.
3211 Glass and glass products trolled vessels (other tan co.ods for the use of C. S.
3241 Building cement Armed Forces abriad, and n-n-Departnrent if Defense
3251 Strictural clay products, including refractories shipments of military conunent items labbrevated SCio
3271 Lime for which commodity detail ts not furnished to the Corps
3281 Cut stone and stone product, of Engineers.
3291 Miscellaneous nonmetaliic mineral products

Group 33-Primary Metal Products

3311 Pig irnn
3312 SlAg
3313 Coke (coal and petroleumi petroleum pitches and

asphalts, and naphtha and solvents
1314 Iron and steel ingots, and ither primary forms.

including blanks ior tobe and pipe. and sponge

iron
33IS Iron and steel bars, rods. an-ies. shapes and sec-

tions. including sheet plint
3316 Iron and steel plates and 1heets
3317 Iron and steel pipe and tiUe
3318 Ferroalloys
3319 Primary iron and steel products, not elsawhere

classified. including castinils in the romiuh
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